Jatropha fruit hulls (JFH) particleboard: Effect of acetic acid treatment and ratio of JFH and non-wood particles Abstract. The objective of the experiment was to analize the effect of acetic acid treatment and JFH/non-wood particle ratio to physical and mechanical properties particleboard. Non-wood particles used in this experiment namely bamboo and sorghum bagasse. For the particle treatment, JFH and non-wood particle immersed in 1% acetic acid solution for 24 hours. The untreated particle also prepared for bamboo and sorghum bagasse. The ratio of JFH/non-wood particles was 100/0, 70/30, 60/40, 50/50, and 0/100. The board size, thickness, and density target were 30 x 30 cm 2 , 1 cm, and 0.70 g/cm 3 , respectively. Particles sprayed using 10% UF resin (SC: 63%). Afterward it was pressed using the hot pressing machine at the temperature of 130 o C, the pressure of 2.544 N/mm 2 and 10 minutes time of pressing. Conditioning was conducted around seven days at room temperature before physical and mechanical test. That properties test refers to JIS A 5908 (2003). The results showed that 50/50 (%w/w) JFH and bamboo ratio produced of better thickness swelling value compared to another ratio. Therefore, combination JFH and bamboo acid treated resulted in the best of thickness swelling value. A similar trend also showed in mechanical properties. That treatment produced the best of the modulus of elasticity, modulus of rupture and internal bond value.
Introduction
The improvement of physical and mechanical properties of the board had been made using wood particle and veneer to strengthen of board [1, 2, 3, 4] . The result showed that the quality of jatropha fruit hulls (JFH) particleboard had increased in particular at the modulus of elasticity (MOE) and modulus of rupture (MOR) values. The combination of particleboard and stronger materials was expected to increases strength and elastic properties. The use of wood as additional material on non-wood particleboard was able to improve physical and mechanical properties. Further research still needed to find out whether this positive trend is also occurred on JFH's particleboard.
Bamboo and sorghum bagasse were chosen as additional particles for JFH's particleboard. Mohmod et al. [5] stated that bending firmness of bamboo is in the range of 2600-8000 N/mm 2 . Papadopoulous et al. [6] , Kasim et al. [7] also expressed that mechanical properties of bamboo with formaldehyde adhesive , respectively. Considering the properties of materials, board and resulted board, bamboo, and sorghum bagasse were eligible to enhance mechanical properties, in particular, MOE parameter. The objective of the experiment was to analize the effect of bamboo and sorghum bagasse as strenghtened materials to physical and mechanical properties of JFH's particleboard with UF adhesive.
Materials and methods

Materials
We used untreated JFH, treated JFH, string bamboo (Gigantochloa apus) and sorghum bagasse (Sorghum bicolor (L) Monech). The treatment was immersion in 1% acetic acid solution for 24 hours. We also use 10% level of UF adhesive and 63% of SC.
Methods
JFH, bamboo, and sorghum bagasse pH analysis
The preparation and particle pH analysis based on Krilov and Lasander [9] , Johns and Niazi [10] methods. The result presented in Table 1 . 
Board forming
The JFH and non-wood particles ratios were 100/0, 70/30, 60/40, 50/50, and 0/100. The JFH, non-wood particles and UF adhesive at the concentration level of 10% (SC: 63%) were blended. Furthermore, it formed into the size of 300 by 300 by 9 mm, then pressed using the hot pressing machine set on the temperature of 130 o C for 10 minutes. Conditioning was conducted around seven days before to the testing process, followed by board cutting and test referred to JIS A 5908 (2003).
Results and discussion
Physical properties
Overall board density values had met the standard requirement JIS A 5908 (2003) and categorized as medium density. Kelly [11] reported some influencing factors to board density value such as wood type, pressure, the number of particles, the amount of adhesive and additive.
The combination of JFH and bamboo particle without treatment resulted in better dimension stabilization compared to the combination of JFH and sorghum bagasse without treatment. The use of bamboo and sorghum bagasse without treatment was not able to enhance the board's dimensional stabilization. However, the bamboo particle immersing on 1% acetat acid for 24 hours was able to fix the dimension stabilization. The increase of bamboo particle ratio resulted positive response on dimension stabilization enhancement. One of the limits of the UF use as the interior adhesive is its non-waterproof properties. Bektas et al. [12] stated that the panel's thickness swelling depended on some factors such as the amount of adhesive, the spreading of adhesive, water content of furnish, compatibility of furnish and adhesive, the chemical composition of furnish, etc. Hsu [13] stated that water absorption and thickness swelling occurred because of thickness swelling properties of additional materials, spring back due to tension during conditioning process and furnish separation. The overall thickness swelling result has not met the JIS A 5908 (2003) standard requirement. 
Mechanical properties
Both bamboo particle and sorghum bagasse combinations were able to enhance the bending properties (MOE and MOR), but the bamboo mixture was better due to its high bending firmness. Mohmod et al. [5] studied that bamboo's bending strength with UF adhesive was reaching 8000 N/mm 2 . This value was four times compared to bamboo particleboard. The immersing in 1% acetic acid for 24 hours was able to increase MOE and MOR values from 1300 N/mm 2 to 2040 N/mm 2 . Thus, the particleboard bending value had met the standard requirement of JIS A 5908 (2003) . The increasing of the shelling ratio also increased the MOE and MOR values. The combination jatropha fruit hulls and bamboo particleboard on the ratio of 60/40 resulted in almost two times as much as MOE value compared to the non-combination board. Akbulut (1995) cited in Nemli [14] expressed that the increase of shelling ratio had enhanced physical and mechanical properties. Overall MOR values had met the JIS A 5908 (2003) standard requirements. The combination of JFH and treated bamboo particle had met the JIS A 5908 (2003) standard requirements for MOE value.
The combination of bamboo particle and JFH resulted in better IB value than sorghum bagasse combination. The immersing treatment of bamboo particle in 1% acetic acid solution for 24 hours was able to increase the IB value from 0.16 N/mm 2 to 0.32 N/mm 2 . We assumed this caused by the compatibility of mixing materials based on their acid levels. According to Table 1 , the initiate pH level of bamboo was 6.53. After acetic acid immersing treatment, the bamboo pH level decreased to 5.73, almost similar to JFH pH level was 5.90. The urea formaldehyde adhesive was optimum in acid condition. Nawawi et al. [15] and Malanit et al. [16] studied the influence of material acidity to UF adhesive effectiveness and found out that the UF bonding strength would increase as the high of wood's acidity. The increase of shelling ratio was also increase the IB value. Akbulut (1995) cited in Nemli [14] stated that the raise of shelling ratio had enhanced the physical and mechanical properties. The type of added particle, shelling ratio, and their interactions were significantly different for IB values. Overall values of IB had met the JIS A 5908 (2003) standard requirements. 
Conclusion
The addition of bamboo and sorghum bagasse particles on JFH's particleboard was able to increase the board's quality, in particular on modulus of elasticity and modulus of rupture values. Therefore, combination JFH and treated bamboo on the same ratio were better than the combination of sorghum bagasse. Immersing in 1% acetic acid solution had increased the dimension stabilization and mechanical properties compared to the untreated boards. Particleboard with bamboo addition and treated on acid was the best and had met the JIS A 5908 (2003) standard requirement.
